Background/Aims: Krüppel-like factor (KLF) 7 protein is a member of the KLF transcription factor family, which plays important roles in regulating the expression of genes involved in cell growth, proliferation, differentiation and metabolism. However, the role of KLF7 in gastric cancer (GC) is unknown. The aim of this study is to explore the role of KLF7 in GC and its correlation with clinicopathological characteristics and prognosis of GC patients. Methods: We first systematically evaluated dysregulation of the KLF family in The Cancer Genome Atlas (TCGA) GC database. Then, 252 patients who underwent surgery for GC were enrolled to validate the results from the TCGA. Functional studies were also used to explore the role of KLF7 in GC. Results: In the TCGA database, we found that KLF7 was an independent predictor for survival by both univariate and multivariate analysis (P<0.05). In a validation cohort, KLF7 expression was significantly increased in GC tissues compared with adjacent normal controls (P=0.013). High KLF7 expression correlated with inferior prognostic factors, such as T stage (P=0.022), N stage (P =0.005) and lymphovascular invasion (P=0.009). Furthermore, we observed a strong negative correlation between KLF7 expression and 5-year overall survival and disease-free survival in GC patients (P<0.05). Moreover, our in vitro studies showed a notable decrease in migration in KLF7 knockdown cells. Conclusion: KLF7 has an important role in GC progression, as it inhibits GC cell migration and may serve as a prognostic marker.
Krüppel-Like Factor 7 is a Marker of Aggressive Gastric Cancer and Poor Prognosis
. Although significant progress has been made in the diagnosis and treatment of GC patients, complete resection remains the only treatment option that can lead to a cure for GC. However, a considerable proportion of patients will suffer recurrences and metastases after surgery. Moreover, one-third of GC patients have already reached late stage with distant metastasis at the time of diagnosis and have lost the option of surgical resection [1, 3] . To increase the efficacy of GC therapy, it is important to identify candidate genes that are essential in cancer cell progression and metastasis, which could facilitate tumor detection and recurrence diagnosis at high sensitivity and specificity rates [4] .
The Krüppel-like factor (KLF) family is a group of highly conserved zinc finger transcription factors, which are critical regulators of essential biological cellular processes, including proliferation, differentiation, apoptosis, and migration [5] [6] [7] [8] . These proteins regulate gene expression by binding to GC rich sequences of gene promoters, the GC/GT boxes [9] . Recent attention has focused on the role of aberrant expression of the KLF family in cancer. For example, KLF8 activates the transcription of C-X-C cytokine receptor type 4 to promote breast cancer cell invasion, transendothelial migration and metastasis [10] . Loss of KLF4 and consequential downregulation of Smad7 exacerbate oncogenic TGF-β signaling in and promote the progression of hepatocellular carcinoma [11] . KLF5 promotes cell migration by up-regulating FYN in bladder cancer cells [12] . However, the relationship between KLF family expression and GC has not been fully investigated.
In the present study, we first systematically study the KLF family members in The Cancer Genome Atlas (TCGA) RNA-sequence database to find new biomarkers for GC in terms of survival. Then, we validate the results in a cohort of in-house patients and in vitro experiments.
Materials and Methods

Patients
The TCGA gene expression database was used for primary study. TCGA (http://cancergenome.nih. gov/) is a project to catalogue genetic expressions or mutations responsible for cancer by bioinformatics methods and genome sequencing while the cBioPortal (http://www.cbioportal.org/index.do) is an exploratory analysis tool for exploring datasets from TCGA to find pathways of interest in one or more cancer types [13, 14] . Sequencing of the dataset was based on the Illumina HiSeq platform [15] . Inclusion criteria were as follows: patients with no pretreatment, with fully characterized tumors and intact overall survival (OS) information. Follow-up was completed on Dec 21, 2014 . Expression data of each KLF family were standardized, and the standardization between different samples was performed by the Limma package of R software [16] .
The validation cohort consists of 252 patients with histologically confirmed GC. All patients underwent radical resection between January 1, 2003 and December 31, 2010. No patients had preoperative therapies; no patients had evidence of metastasis at the time of diagnosis. Demographic and clinical characteristics, such as age, sex, age at initial diagnosis, and stage at diagnosis (tumor, node, metastasis [TNM] classification), were obtained from electronic records and are summarized in Table 1 .
This study received Institutional Review Board approval from the No. 1 People's Hospital of Yancheng. Written informed consent was obtained from all subjects. The methods were performed in accordance with the approved guidelines.
Cell culture
The human GC cell lines AGS and MGC803 were originally purchased from the American Type Culture Collection. Cells were cultured in DMEM (Corning, Cellgro) plus 10% fetal bovine serum (FBS) (Gibco), 100 U/mL penicillin G, and 100 mg/mL streptomycin (Corning, Cellgro). All cells were cultured in a 37 °C, 5% CO2 incubator.
Stable transfection of colon cancer cells
Biologically active short hairpin RNAs (shRNA) were generated using the lentiviral expression vector pLKO.1-puro. The shRNA target sequence for human KLF7 was 5'-CTTGAATTGGAACGCTACCTA-3'. PLKO.1-
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Cellular Physiology and Biochemistry Cell proliferation assays A cell proliferation reagent kit (CCK-8, Dojindo, Japan) was used to assess cell proliferation. Transfected cells were plated in each well of a 96-well plate and assessed every 24 h according to the manufacturer's instructions. The cell viability of different groups at each time point was compared.
Cell migration and invasion assay
The migration and invasion ability of AGS and MGC803 cells after different transfections were measured by a transwell assay (without or with Matrigel). Approximately 10 5 cells were seeded on the upper chamber of the transwell with 200 μl serum-free growth medium (10 5 cells per well of 8.0 μm Pore Polycarbonate Membrane Insert). Complete medium containing 10% FBS was added to the lower chamber as a chemo-attractant. After 48 h of incubation at 37 °C, non-migratory cells on the upper surface of upper chamber were removed using cotton swabs, and cells that migrated to the bottom of the membrane were fixed and stained. The number of invaded cells was counted under a light microscope. To minimize the bias, five randomly selected fields with 200× magnification were counted, then the average number was calculated.
RNA extraction, reverse transcription, and qRT-PCR analysis
Total RNA was isolated from 252 gastric cancer samples using TRIzol® reagent (15596-026, Invitrogen). A PrimeScript™ RT Master Mix (Perfect Real Time) kit (RR036A, Takara) was used to synthesize first-strand cDNA from total RNA. After, SYBR Green real-time PCR assays were performed using an ABI 7900HT (Applied Biosystems, USA). The expression level of RNA was normalized to the level of GAPDH. The primers for RT-PCR analysis were synthesized by Huagene (Shanghai, People's Republic of China). Primers were as follows:
Western blotting KLF7 expression was assessed by Western blotting analysis, and the samples were normalized to GAPDH. Total proteins were extracted from the cultured cells solubilized in lysis buffer (RIPA Lysis Buffer, Thermo Scientific Pierce). The proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to polyvinylidene difluoride membranes (Bio-rad). The membranes were blocked with 5% bovine serum albumin (BSA) at room temperature for 2 h and incubated overnight at 4 °C with primary anti-KLF7 (1:1000, Ab197690, Abcam) and anti-GAPDH (1:5000, Santa Cruz). The membranes were subsequently washed and incubated with the appropriate secondary antibodies. After incubation with ECL, the protein bands were visualized.
Immunohistochemistry (IHC) staining
IHC staining was performed as described previously [17, 18] . KLF7 anti-human rabbit antibody was used at a dilution of 1:100 (ab197690, Abcam); PBS was used as a negative control. Each section was Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry evaluated and scored independently by two pathologists. A semi-quantitative scoring system was used in this assay [19, 20] . The percentage of positively stained cells was scored as 0, <5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; and 4, >75%. Intensity was scored as "−" (negative), "+" (weak), "++" (moderate) and "+++" (strong). We multiplied the percentage score by the staining intensity score to generate the immunoreactivity score (IS). High expression of KLF7 was defined as detectable immunoreactions in the nucleus with IS≥4.
Statistical Analysis
Two-tailed χ2 test was used to evaluate the expression difference between the clinicopathological features and KLF7 expression. The survival curves were estimated by Kaplan-Meier analysis, and P values were calculated by log rank test. Univariate Cox proportional hazards regressions were applied to estimate the individual hazard ratio (HR) for the OS and RFS. The HR with a 95% confidence interval (CI) was measured to estimate the hazard risk of individual factors. All experiments were performed independently a minimum of three times. All P values were two-sided, and P<0.05 was considered statistically significant. Statistical calculations were all performed using SPSS 17.0.
Results
Clinical factors in the TCGA and validation cohorts
There were 360 eligible patients enrolled in the study, and the median age was 65, ranging from 30 to 90 years old. Two hundred thirty-four (65.0%) were male patients and 126 (35.0%) were female patients. The majority of the patients (91.1%) had no distant metastases. The characteristics of the samples are shown in Table 1 . The median length of follow-up was 16 months (range, 1 month-124 months) and 226 patients died at the end of follow-up.
In the validation cohort, the median age was 59 (ranging 21 to 85 years old). One hundred thirty-six (53.9%) were male and 116 (46.1%) were female patients. Sixty-nine patients (27.4%) had no lymph node metastases while the remaining had lymph node metastases. None of the patients had distant metastases. The expression levels of KLF7 in this cohort were nearly normally distributed (data not shown); therefore, we divided the cohort into low or high KLF7 expression groups according to the median expression level. The median follow-up time of this cohort was 32 months. Gender, age of diagnosis, TNM, and tumor grade are shown in Table 1 . 
KLF7 expression patterns in the validation database
We first studied KLF7 mRNA expression in 30 paired GC tissues and their adjacent normal controls. As anticipated, the KLF7 mRNA expression levels were significantly higher in cancer tissues than their paired adjacent normal mucosa (P<0.001, Fig. 1a ). Then, we tested KLF7 protein expression in those 30 paired cancer tissues and their normal tissues by IHC study, and the results further confirmed that KLF7 protein was expressed higher in cancer tissues than their normal controls (Fig. 1b) . Specifically, we found the KLF7 mRNA expression was consistent with the protein expression levels. Then, we studied KLF7 expression in 252 GC patients as described in Table 1 . The patients were divided into high and low KLF7 mRNA expression subgroups according to median KLF7 expression value. Chi-square analysis demonstrated that high KLF7 expression was significantly correlated with T stage (P=0.013), N stage (P=0.022) and lymphovascular invasion (P=0.009) ( Table 3) .
High KLF7 expression correlates with worse survival outcome in the validation cohort
To evaluate the correlation between KLF7 expression and 5-year patient survival, we constructed Kaplan-Meier survival curves using overall or disease free 5-year patient survival data to analyze the cases with high and low KLF7 expression. Our analysis revealed that overall survival (OS) in the high KLF7 expression subgroup was 38.9% compared with 62.0% in the low expression subgroup. The log-rank analysis showed that the differences were significant (χ 2 =17.983, P<0.001, Fig. 2a , Table 4 ). Similarly, patients with low KLF7 expression levels showed better 5-year DFS than those with high expression (55.1% vs. 35.5%, χ2 =21.089, P<0.001) (Fig. 2b) , Table 5 . Furthermore, multivariate Cox regression analysis showed that KLF7 expression is an independent factor for predicting both OS (HR: 1.669, 95%CI: 1.138-2.448, P=0.009) and DFS (HR: 1.899, 95%CI: 1.218-2.959, P=0.005) ( Table 4 and 5). These data imply that KLF7 may be a potential prognostic marker in clinical practice. 
Silencing KLF7 expression inhibits the migration of human colon cancer cells
To determine the role of KLF7 in GC cell viability and progression, we used a lentivirus-mediated method to establish stable KLF7 knockdown in AGS and MGC803 cells, and the knockdown efficiency was determined by RT-PCR and Western blotting ( Fig.  3a and 3b) . A CCK8 assay showed that there was no significant difference in cell growth rates between KLF7-knockdown cells and their control cells. (P>0.05,  Fig. 3c ). The effect of KLF7 on tumor cell migration was then measured by transwell analysis, and the results demonstrated that there was significantly decreased cell invasion abilities in KLF7 knockdown cells compared with control cells (P <0.05, Fig. 3d ). 
Discussion
Distant metastasis and local recurrence are the main reasons for failure of surgical cancer treatment. Currently, tumor-node-metastasis (TNM) stage is the most powerful predictor for survival in gastric cancer. However, the survival outcome is quite different, even for patients with the same TNM stage. Further understanding the biological mechanisms of the metastasis and progression of gastric cancer and developing effective measures to target this process are of vital importance. Much attention has been focused on the molecular-based prognostic markers, which are complementary to the data obtained by pathological diagnosis and can be used to provide more information for clinical practice. High-throughput RNA sequencing techniques have been widely used to identify reliable molecular biomarkers that may serve as new predictors or therapeutic targets. The TCGA database is a large-scale genomic database that primarily reports somatic changes of cancers including GC [21, 22] . The final goal of these tremendous efforts is to tailor patient treatment in a personalized manner and drive customization of disease care by implementing genetic tumor information. Importantly, the identified drivers can act as drug targets for disease amelioration, treatment biomarkers for patient categorization, and prognostic markers for patient survival [22] . Although the landscape of somatic aberrations in GC has been depicted, the utilization of relevant gene families in clinical situations has been limited.
The KLF7 protein is a member of the KLF transcription factors family that play important roles in regulating the expression of genes involved in cell growth, proliferation, differentiation and metabolism [23] [24] [25] . KLF7 CpG island methylation was correlated with diffuse sporadic gastric carcinogenesis but not intestinal GC [26] . In the present study, we first systematically studied the clinical significance of the KLF family in the TCGA database and found KLF7 was a significant prognostic factor for GC in both univariate and multivariate analysis. From 30 paired primary tumor and adjacent normal control, we found that the expression of KLF7 was significantly increased in primary colon cancer tumors compared with adjacent normal controls determined by both RT-PCR and IHC studies. In the validation cohort, high KLF7 expression was correlated with advanced T stage, N stage and lymphovascular invasion, which implied that KLF7 expression correlated with GC carcinogenesis and progression. Moreover, KLF7 mRNA levels were consistent with the protein levels as tested by RT-PCR and IHC study in the 30 paired GC samples. Specifically, the TCGA database lacks some important information, such as quality of surgery, sequential adjuvant therapy, etc. To reach a conclusion, we further validated another 252 GC patients, and the results demonstrated that higher KLF7 expression was significantly correlated with a shorter 5-year OS and DFS. These results further confirmed that KLF7 was an independent factor for survival in GC.
Cell proliferation and invasion are key steps for the metastatic progression of tumor cells [27] . Functional studies have found that reduced expression of KLF7 by shRNA significantly suppressed cell migration of AGS and MGC803 cells. These results further confirmed that KLF7 might participate in GC progression and metastasis.
A major strength of this study is that the information was obtained from two independent populations and in vitro study, but there are certain limitations. First, the prognosis of GC is affected by many factors, such as patients' social status, surgical techniques, and response to adjuvant therapy, so biomarkers from a single gene family are not sufficient. Second, no in vivo experiments using animals were performed to observe the effects of KLF7 on progression and metastases from mouse models. Thus, further in vivo animal studies are warranted to confirm our findings. Third, we mainly focus on the clinical significance of KLF7 in GC, so further studies are needed to explore the mechanism of KLF7 involvement in GC progression and metastases.
In conclusion, we found that KLF7 expression in GC tissues was significantly higher than in normal tissues. Moreover, KLF7 was an independent factor for survival in GC, and knockdown of KLF7 in GC cells suppressed cell migration. Hence, KLF7 is a new biomarker in GC. Inhibition of KLF7 expression in GC may represent a promising option to prevent local tumor advance and distant metastases.
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